
LAWRENCE

N AT I O N A L

LABORATORY

LIVERMORE

 

Intrinisc Angular and Energy 
Resolution of Electron-Tracking 
Detectors 
J. Gronberg, S. Johnson, D. Lange, D.

July 26, 2004 

 

 

UCRL-TR-205494
 Wright 



Disclaimer 
 

This document was prepared as an account of work sponsored by an agency of 
the United States Government. Neither the United States Government nor the 
University of California nor any of their employees, makes any warranty, express 
or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or the University of California. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United 
States Government or the University of California, and shall not be used for 
advertising or product endorsement purposes. 
 
 
Auspices Statement 
 

This work was performed under the auspices of the U.S. Department of Energy 
by University of California, Lawrence Livermore National Laboratory under 
Contract W-7405-Eng-48. 
 
 
 



h4doc 5v2

Intrinisc Angular and Energy Resolution of Electron-Track ing
Detectors

Jeff Gronberg, Stephen Johnson, David Lange, Doug Wright
High Energy Physics group, N Division

October 14, 2003

1 Introduction

The purpose of this study was to estimate the intrinsic physics limitations on the angular and
energy resolution of electron-tracking type gamma-ray detectors.

In a Compton interaction, one can completely determine the direction and energy of the incom-
ing gamma ray, without measuring the scattered photon’s energy, if one can measure the direction
and energy of the scattered electron, and the direction of the scattered photon. Multiple scattering
of the Compton electron will quickly destroy the information of the electron’s initial direction, so
practical devices must be able to resolve the original electron direction, i.e., have tracking resolu-
tion mucic h smaller than the typical radiation length in thematerial.

2 Detectors

The detectors considered are a 1 m3 solid block of either germanium, or two scintillator materials
“glass” or “plastic.” The properties for these materials are given in Table 1. We assume that these
idealized detectors have perfect position resolution and can exactly resolve the entire electron track
produce by the Compton interaction.

3 Simulation and Reconstruction

Using Geant4, we simulate events using a mono-energetic source of photons that hit the detector
in its midplane, with momentum exactly perpendicular to thedetector plane. Events with two or
more interactions in the detector are considered in our analysis.

We do not rely on the intrinsic measure of the deposited electron energy, which is expected
to be poor for the the scintillator detectors, but instead use the path length of the electron as the
measure of the electron energy.

Table 1: Summary of detector properties. “Plastic” is polystyrene scintillator. “Glass” is a propri-
etary mixture used by Arno Ledebuhr from Collimated Holes, Inc. It has a LKH-6 glass core and
borosilicate glass cladding.

Detector Radiation length (cm) Density (g/cm3) Effective Z

Germanium 2.30 5.32 32
Glass 4.48 3.27 ≈ 31

Plastic 42.55 1.03 ≈ 4

1



The electron path length is proportional to the electron energy, but intrinsic statistical fluc-
tuations in the electron range result in an energy spread of approximately 15%, in the range of
energies of interest in this study. As an expediant simplification for the analysis, we determine the
reconstructed electron energy by smearing the true electron energy according to a Gaussian with
σ = 0.15E.

We take as the experimental measure of the initial electron direction the line connecting the
electron production point and a point at some fixed distance along the electron trajectory.

We measure the electron direction using the first portion of the simulated electron track. The
length considered is denoted as the “electron track detection metric”, and we currently assume
that the measurement error using a given portion of the electron track is small compared to how
well the electron track direction measures the initial direction of the electron. If the electron path
length is less than the detection metric, the event is considered to be unreconstructable. We further
assume that we know head from tail for the measured electron momentum.

Finally, we measure the scattered photon direction using the the true position of the two de-
tected interactions. We assume that given the detector requirements for electron tracking that
the measurement error on these points is small compared to the distance traveled by the photon
between the first and second interaction points.

We then determine the angular (energy) resolution on the initial photon using distribution of
reconstructed photon directions (energies) with the true photon direction (energy). We fit these
distributions using a Gaussian, and report theσ of the Gaussian as the resolution. For the angular
resolution, we take out thesin θ solid angle factor which comes in because we are comparing
the opening angle between the true and reconstructed photondirections by weighting events by
1/ sin θ before performing the fit.

4 Results

Figures 1 and 2 show the angular and energy resolutions as a function of photon energy for a
50 µm electron detection metric, while Figures 3 and 4 show the equivalent for a500 µm electron
detection metric.

We find that even for a50 µm detection metric, electron tracking is impossible for photon
energies below 1 MeV except in the scintillator detector.

We find that the angular resolution is quite insensitive to the energy resolution assumed.

5 Things to fix

• Add Efficiency plots

• Do angular resolution fits with Gaussian times sin theta function

• Fig 4, why rollover at ¡2 MeV for 500 micon metric?

• All figures change scint to plastic

• All figures change resolution to metric

• Fig 5-8 remove E=1.0MeV

Figures 5 through 8 show the angular and energy resolution for 1 MeV and 2.7MeV initial
photon energies as a function of the electron track detection metric.
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Figure 1: Angular resolution of incoming photon vs. photon energy for a 50µm electron track
detection metric for germanium, glass, and scintillator detectors.
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Figure 2: Energy resolution of incoming photon vs. photon energy for a 50µm electron track
detection metric for germanium, glass, and scintillator detectors.
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Figure 3: Angular resolution of incoming photon vs. photon energy for a 500µm electron track
detection metric for germanium, glass, and scintillator detectors.
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Figure 4: Energy resolution of incoming photon vs. photon energy for a 500µm electron track
detection metric for germanium, glass, and scintillator detectors.
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Figure 5: Reconstructed photon angular resolution vs. electron track detection metric for a
1.0 MeV electron track detection metric for germanium, glass, and scintillator detectors.
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Figure 6: Reconstructed photon energy resolution vs. electron track detection metric for a 1.0 MeV
electron track detection metric for germanium, glass, and scintillator detectors.
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Figure 7: Reconstructed photon angular resolution vs. electron track detection metric for a
2.7 MeV electron track detection metric for germanium, glass, and scintillator detectors.
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Figure 8: Reconstructed photon energy resolution vs. electron track detection metric for a 2.7 MeV
electron track detection metric for germanium, glass, and scintillator detectors.
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